Oil-soluble bimetallic Ni-Mo sulfide nanoparticles (NiMoS) with narrow size distribution were successfully synthesized through a composite-surfactants-assisted-solvothermal process. The surface Fourier transform infrared and ultraviolet spectroscopy. The as-prepared Ni-Mo sulfides supported on 2 2
Introduction
catalysts for the petrochemical industry is of great Moreover, conversion of aromatic compounds during hydrotreatment to avoid their negative effects on the cetane numbers has received significant attention (Ferraz et al, 2010; He et al, 2011; 2013; Mendez et al, 2013; Temel et al, sulfide catalyst in the hydrofining process is closely related to its particle size and dispersion in nonaqueous media. and improved oil-solubility, to eliminate particle aggregations, Generally, there are two ways to obtain sulfides with improved catalytic efficiency. One is to load the sulfide components onto different supports, such as titania (Azizi Lu et al, 2012; Si et al, 2010; Yao et al, 2012 ; Zhang et al, activated carbon (AC) (de la Puente et al, 1999; Liu et al, cases , the properties of the support, i.e., the porosity, surface area, acidity, and mechanical strength, will determine the characteristics and activities of the active sulfide phase, which is anchored on the support through the interactions of Another method is to incorporate promoting elements, such as cobalt (Co) or nickel (Ni), into the sulfide nanoparticles (NPs) (Zhang et al, 2013; Zhou et al, 2012) . The promoting elements of Ni or Co can weaken the edge anchoring of the active phase towards the supports. However, introduction of Co often encounters sintering and segregation (Eijsbouts et al, (Ferraz et al, 2010; Kibsgaard et al, 2009) , which intensify the coordinative unsaturation of the transition metal atoms and their edge bonding effect (Kibsgaard et al, 2009; Yoosuk et al, 2010) . Therefore, incorporation of Ni is more preferred in terms of the stability, activity, and cost reduction of catalyst. The synergetic effect between the promoting elements and the catalysts can significantly improve the activity of the composite sulfide catalyst. Consequently, integration of the support effect and the promoting effect of transition metals catalyst (Kibsgaard et al, 2009 15 NH 2 ) were added together into a of ethylene glycol (EG, HOCH 2 CH 2 OH). The autoclave was o C for 24 hours, and then allowed to cool to room temperature. Subsequently, the precipitates were gathered through centrifugation, and then washed with distilled water and anhydrous ethanol. The precipitates were then dissolved in petroleum ether. Finally, oil-soluble NPs gained by centrifugation of the petroleum ether solution.
The morphology of the product (oil-soluble NPs) was examined with transmission electronic microscopy o 2.3 Evaluation of the catalytic performance of Ni-Mo as catalyst. These were used directly (without support) or supported on AC surfaces. To facilitate adsorption of the sulfide precursor, activation of the carbon supports was conducted as reported elsewhere (de la Puente et al, 1999; Shi et al, 2010) prior to the catalytic process, that is, 1 hour pretreatment of the carbon support in boiling deionized water and then sedimentation to remove the supernatant liquid. The above treatment was repeated twice. Then it was treated for 3 hours in concentrated HNO 3 -1 ) at 100 o C. Finally, the activated support of AC was obtained after vacuum drying at room temperature.
The prepared Ni-Mo sulfide NPs were first loaded onto the surface of the AC supports by the impregnation method. 
Results and discussion
The product NiMoS consisted of well-dispersed NPs as shown in Fig. 1(a) . There was a color difference between the inner part (deep color) and the outside layer (light color) of the NiMoS NPs, suggesting an inorganic-organic core-shell and CA) involved in the reaction system. The as-prepared NiMoS NPs had a narrow size distribution with an average NiMoS NPs can form stable colloidal suspensions in several organic solvents, including heptane, dimethylformamide, and petroleum ether. The excellent lipophilicity of the Ni-Mo core-shell structure with an organic layer coated at the surface of the inorganic NPs, which will contribute to their catalytic performance because of their improved oil-solubility. Fig. 1(c) showed weak and wide diffraction peaks, indicating a low degree of crystallinity and small size of the NiMoS NPs. This result was in accord with that from the TEM images. Considering the hydrothermal conditions for the synthesis of NiMoS NPs, it can be concluded that the incorporation of Ni component resulted in the formation of a NiMoS phase, not the compounds of NiS 2 2 the standard diffraction patterns (NiS 2 0574; MoS 2 (002) peak at 2 = 14.125 o for MoS 2 disappeared for the asprepared NiMoS NPs, demonstrating the destruction of the long-range order of MoS 2 along its c-axis (Huang et al, 2010; Yin and Liu, 2004; Yoosuk et al, 2010) . Therefore, it can be concluded that the incorporation of promoting Ni atoms led to low stacking of the NiMoS NPs with more active sites, favorable to the improvement of the catalytic performance of
The presence of organic species on the surface of the spectra (Fig. 3) . Fig. 2 shows the characteristic stretching vibrations of the free molecules of SO and CA, with signals of C=C bond around 1,610 cm Additionally, the characteristic band of NPs at 220 nm also indicated the presence of surface adsorbed organic molecules. Consequently, the small particle size and low degree of crystallinity endow the NiMoS NPs with larger surface area and more active sites than CoMoS and MoS 2 , making the catalyst with enhanced oil-solubility and stability. According to the GC results, the predominant products and decahydronaphthalene (10HN), instead of the ringopening or cracking derivatives through deep hydrogenation (He et al, 2013) . Therefore, the catalytic hydrogenation of NAT dominated the catalytic reaction process in this work. The NiMoS NPs exhibited high activity mainly in the reactions. This result is accordance with that by Ferraz and coworkers using alumina-supported NiMoS catalyst (Ferraz et al, 2010) .
NiMoS nanocatalysts was measured and expressed by the percentage of 4HN and 10HN, which was calculated as the ratio of the increased GC peak area to that of the feeding 2 the incorporation of both nickel and cobalt as promotional components enhanced the conversion of NAT as reported in other literature (Kibsgaard et al, 2010; Kumaran et al, 2006; Rodriguez et al, 1999) , and the activity decreased in the order metal atoms and the strength of their interaction with the strong Lewis acids, can accelerate the breaking of side chains work, it was found that the introduction of Ni in the catalyst would reduce the ratio of molybdenum and the stacking of more curvatures and larger numbers of active brim sites for hydrogenation could be provided. Accordingly, structural to the adsorption of both hydrogen and NAT molecules. As a performance of the NiMoS NPs.
Conclusions
synthesized via a composite-surfactant-assisted-solvothermal as-prepared heterogeneous NiMoS nanocatalysts is tunable improved oil solubility, the enhanced performance of NiMoS and more edge sites. More detailed investigations are needed to provide insights into the catalytic mechanisms. These efficiency, more precise determination of the predominate derivatives from the catalyst surfaces.
